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Abstract Climate analogues can be used to assess climate–induced risks and
adaptation options for smallholder farmers. Surveys were carried out in smallholder
areas at two 2050s climate analogue sites to assess smallholder climate-induced
risks, farmers’ perceptions, and adaptation options, with a gender perspective. Pairs
of sites selected had similar annual rainfall totals but differed in mean annual
temperature by 2–4 °C. For drier areas Chiredzi was hypothesised to represent
Matobo, and for wetter areas Kadoma was hypothesized to represent Mazowe/
Goromonzi 2050s climates. Differences in crop management strategies and gender
issues vary across sites. At the drier analogue pair, higher proportions of households
grew small grains in Chiredzi compared to Matobo. Implications are for increased
uptake of small grains, in 2050s climates for Matobo farmers. Gender issues include
labour for production and processing of the small grains, against a background of
male labour migration. For wetter climates, soil and water management strategies
are important options for smallholders. Accesses to draft power, labour, agricultural
assets, social and ﬁnancial capital in differently managed households are important
for increasing adoption of effective crop management strategies.
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Introduction
The impacts of warmer climates by the middle of 21st century, i.e. 2050s on
agriculture as a whole and on smallholder production in particular, are projected to
be mainly negative (Hulme et al. 2001; Unganai 1996, Christensen et al. 2007). The
rural poor, in particular women, are especially vulnerable to the effects of climate
change. In Zimbabwe smallholder areas are predominantly semi-arid and rain-fed.
Typically smallholders have small land holdings, mostly 2–3 ha of arable land, and
are primarily semi-subsistence nature. They are in many instances poorly resourced
and associated with low productivity (FAO/WFP 2008, 2010; Chimhowu et al.
2009; Ministry of Agriculture 2007, 2012). The uptake of technologies and inter-
ventions to reduce the impacts of bio-physical constraints, which include poor
rainfall distribution and soil fertility among other factors, are low due to elements
such as costs and skills. Increasing adaptive capacity and options for improved
livelihoods in current and future climates for different smallholders requires an
integration of methods which include multi-stakeholder processes. Identifying
constraints and adaptation options through better understanding of perceived risks
and opportunities, and mainstreaming gender issues, speciﬁcally women-speciﬁc, is
important for climate change planning and adaptation.
According to some climate models, temperature increases of about 3 °C by the
2050s and ±5 to 15 % changes in mean annual precipitation are projected for the
sub-Saharan African region (Christensen et al. 2007). The potential impacts of
warmer temperature and rainfall changes on crop production are projected to be
mainly negative (Matarira et al. 1995; Christensen et al. 2007; Thornton et al.
2011). Some direct effects of climate change on crop production include increased
evapo-transpiration, water demand and heat stress and shorter growing seasons.
Smallholder farmers, who already experience low productivity due to socio-eco-
nomic and biophysical challenges, are particularly vulnerable to climate change
effects. Rain-fed smallholder farmers cope with some of the associated stresses
through use of tolerant crops and various soil and water management strategies.
These efforts need to be reinforced for current and future climates. For both men
and women farmers there is need for enhancement of capital assets i.e. natural,
social, human, physical, and ﬁnancial capital essential for sustainable production.
Smallholder systems are heterogeneous. Livelihood options; gender roles, capital
assets as well as climate induced-risks differ. Women headed households often
achieve lower yields which in part may be due to socio-economic differences
(Horrell and Krishnan 2007; Tiruneh et al. 2001). Mainstreaming gender issues in
climate and agricultural adaptation require an in-depth understanding of asset
ownership at farm levels, of the roles of women and men in the farming systems, as
well as beneﬁt sharing of farm proﬁts. Building on existing knowledge and farmer
practices is required for progressive adaptation.
Climate analogue analysis can assist in assessing climate-induced risks and their
interaction with other capital assets in smallholder production. Spatial temperature
analogue models assume that cooler regions will behave like the patterns observed
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in other regions currently with warmer climates if they were subjected to a climate
induced shift (Adams et al. 1998). Burke et al. (2009) demonstrated the existence of
analogues for 2050s based upon growing season temperatures for maize, millet, and
sorghum in several African countries.
Driven by the need to address the paucity of research on this topic, this paper
outlines the use of climate analogues and farmer perceptions in identifying gender
sensitive adaptation options in current and future climates for improved livelihoods
in some semi-humid (wetter) and semi-arid (drier) smallholder areas in Zimbabwe.
The hypothesis of the study was that climate-induced risks and adaptation options
will differ by gender in different smallholder areas.
Methodology
The study involved identifying analogue locations in semi-arid and semi-humid
areas of Zimbabwe and assessing their perceived climate-induced risks and prac-
tices. The project “Adapting agriculture to climate change: developing promising
strategies using analogue locations in Eastern and Southern Africa” (CALESA—
Climate Analogue Locations in Eastern and Southern Africa) identiﬁed climate
analogues for semi-arid and semi-humid agricultural areas in Zimbabwe using
30 years climatic data supplied by the Zimbabwe Meteorological Department. The
sites selected consist of the wetter analogue pair Mazowe/Goromonzi (reference)
and Kadoma (analogue) while the drier analogue pair consists of reference Matobo
and its warmer analogue Chiredzi (Table 9.1). Analogue pairs have mean annual
temperature difference of at least 2–4 °C.
Table 9.1 Description of selected sites
Surveys
districts
Characteristics Mean annual
T (°C)
Mean annual
rainfall (mm)
Soil types
Matobo Cooler/Drier
(reference)
18.4 567.1 Greyish brown
sands
Chiredzi Warmer/Drier
(analogue)
21.3 541.2 Heavy clays,
vertisols, sands,
sandy loams
Difference 2.9 −25.9
Mazowe and
Goromonzi
Cooler/Wetter
(reference)
18.2 842.9 Greyish brown
sands
and sandy loams
Kadoma
district
Warmer/Wetter
(analogue)
21.8 721.7 Greyish brown
sands and sandy
loams
Difference 3.6 −121.2
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The study involved characterizing farming systems, identifying climate
induced–risks, and adaptation options using gender disaggregated data, through
household surveys in smallholder areas. To this end, a household survey was
conducted at the analogue sites to assess farming practices for the 2010/2011
cropping season. A total of 627 respondents representing different smallholder
households were interviewed using semi-structured questionnaires at the study
sites. These form the basis of the subsequent analysis presented in the next section.
Results
Characteristics of Households
The proportion of female households for the survey ranged from 26 % (Kadoma) to
43 % (Mazowe/Goromonzi). Greater than 80 % of these were de juri female headed
households. De facto female headed households were about 17 % in Chiredzi
(warmer, dry), and less than 10 % at the other sites. Higher proportions of female
heads were full-time farmers compared to male heads.
Crops Grown at Study Sites During the 2010/2011 Season
In addition to small grains in Chiredzi, main crops grown at the dry sites Matobo
and Chiredzi were maize, groundnut and cowpea (Table 9.2). At the wetter sites
maize was the main crop.
Soil and Water Management Strategies Used by Households
The identiﬁed differences in the uptake and usage of soil and water management
practices within and across analogues, are shown in Table 9.3. In general, higher
proportions of households from wetter sites have used soil and water management
strategies compared to those from the drier sites. At the drier sites, use was gen-
erally higher by Matobo households compared to Chiredzi households. The pro-
portion of households that have used conservation agriculture (CA), tied ridges and
winter ploughing, was higher in Matobo compared to Chiredzi households; and
higher in Kadoma compared to Mazowe/Goromonzi. Soil fertility usage was higher
in Matobo, Mazowe/Goromonzi and Kadoma compared to Chiredzi.
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Discussion and Lessons Learned
The hypothesis of the study was that adaptation options will differ by gender and
agro-climatic conditions of the smallholder farmers. Results conﬁrm this hypoth-
esis. The results from this study show that characteristics of household heads differ,
as well as coping and adaptation strategies for crop production within and across
analogues. Higher proportions of de facto female heads at the drier, warmer
Chiredzi compared to Matobo and the wetter sites imply higher levels of male
labour migration. De-juri female heads are mostly older than the de facto heads.
Table 9.2 Crop production characteristics at study sites during the 2010/2011 season
Drier pair Wetter pair
Matobo
(cooler)
Chiredzi
(warmer)
χ2 Mazowe and
Goromonzi
(cooler)
Kadoma
(warmer)
χ2
N 159 165 153 150
Crops grown
by >20 % of
households
Maize Maize N/A Maize Maize N/A
Groundnut Cotton
Groundnut Sorghum
(red,
white)
Groundnut
Bambara-
nut
Cowpea Groundnut
Bambara-
nut
Cowpea
Pearl
millet
Crops grown
by <20 %
households
Sorghum
(white,
red)
Cotton N/A Bambara-nut Sorghum
(white)
N/A
Sunflower
Finger-millet Cowpea
Pearl
millet
Bambara-
nut
Sugar beanSugar
bean Cowpea
CottonSoya bean
SunflowerBarley
Tobacco
Rice
Okra
Proportion maize
area (%)
79.2 37.6 N/A 89.4 53.1 N/A
Households with
small grains (%)
11.9 92.1 208.823*** 6.5 4.0 0.947
***Signiﬁcant at the 0.1 % level
**Signiﬁcant at the 1 % level
*Signiﬁcant at the 5 % level
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Higher proportions of female heads who are full time farmers imply higher con-
tribution by rural women in domestic and agricultural production. Differences in
household management also influence livelihood sources and access to agricultural
resources.
Implications from this study are increased uptake of small grains such as
sorghum and millets in Matobo and areas with similar rainfall and temperature
characteristics in 2050s. Crop choices are one of the common coping and adaptation
strategies employed by rain-fed smallholder farmers (Kurukulasuriya and
Mendelsohn 2008). Gender issues for small grain production include labour for
production, pest management, harvesting and processing, against a background of
male labour migration. At the wetter sites implications are production trends
influenced by 2050s market forces. The importance of soil water and soil fertility
management particularly at wetter sites is illustrated by high proportions of
smallholder farmers who use strategies to conserve soil moisture and increase soil
fertility such as use of inorganic and organic forms of fertilizer. The choice of
strategies is dependent on, among other factors, soil characteristics, crops grown,
capital assets, and easiness to adopt. Nabikolo et al. (2012) showed that adaptation
decisions of female heads depended on and were sensitive to more covariates in
particular liquid household assets compared to those of male heads. Meanwhile
Tazeze et al. (2012) showed gender, age and education level of the household head
family size, livestock ownership, agro ecological zones, among other factors
influencing adaptation strategies. Gender issues may include, in addition to labour
for production, socio-economic factors such as asset ownership, sharing from
proceeds after selling crops particularly in male headed.
Conclusions and Recommendations
Current and future projections on climate change and temperature increases in
Africa as a whole, and in Zimbabwe in particular, means that there is a pressing
need to seek adaptation strategies in agriculture, which may allow farmers to better
cope with such changes. Due to a combination of lack of resources, skills and
access to technologies, smallholder farmers, especially women, are vulnerable to
climate change.
Preliminary results show that climate analogue analysis and involvement of
stakeholders such as smallholder farmers through interviews, participatory evalu-
ations can contribute in identifying adaptation options for smallholder farmers in
different climates. Gender issues in climate change and agriculture differ and this
suggests that differentiated approaches are needed so as to reach male and female
farmers. Different preferences for crop management strategies imply gender issues
for differently managed households will vary across sites, particularly between the
dry analogue pair. In drier areas, implications are for increased uptake of small
grains, in 2050s climates. There may be need for increased investment in water
management research and development for drier areas. For wetter climates soil and
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water management strategies are important options for smallholders. At drier sites
gender issues include labour for production and processing of the small grains,
against a background of male labour migration. At wetter sites access to draft
power, labour, agricultural assets, social and ﬁnancial capital in differently managed
households are important for increasing adoption of effective crop management
strategies.
Acknowledgments We would like to acknowledge the Deutsche Gesellschaft fur Internationale
Zusammenarbeit (GIZ) on behalf of the Federal Republic of Germany who sponsored this study
through the “Adapting agriculture to climate change: developing promising strategies using ana-
logue locations in Eastern and Southern Africa”(CALESA—Climate Analogue Locations in
Eastern and Southern Africa) Project, ICRISAT—Bulawayo, Zimbabwe for facilitating the ﬁeld
work, the Zimbabwe Meteorological Services Department for providing meteorological data.
References
Adams RM, Hurd BH, Lenhart S, Leary N (1998) Effects of global climate change on agriculture:
an interpretative review. Clim Res 11:19–30
Burke MB, Lobell DB, Guarino L (2009) Shifts in African crop climates by 2050, and the
implications for crop improvement and genetic resources conservation. Glob Environ Change
19:317–325
Chimhowu A, Bare T, Chiripanhura B, Chitekwe-Biti B, Chung F, Magure T, Mambondiyani L,
Manjengwa J, Matshe I, Munemo N, Mtisi S, Nxele M, Sibanda DM (2009) Moving forward
in Zimbabwe—reducing poverty and promoting growth. The University of Manchester Brooks
World Poverty Institute
Christensen JH, Hewitson B, Busuioc A, Chen A, Gao X, Held I, Jones R, Kolli RK, Kwon WT,
Laprise R, Magaña Rueda V, Mearns L, Menéndez CG, Räisänen J, Rinke A, Sarr A, Whetton
P (2007) Regional climate projections. In: Solomon S, Qin D, Manning M, Chen Z, Marquis
M, Averyt KB, Miller MTHL (eds) Climate change 2007: the physical science basis,
contribution of working group i to the fourth assessment report of the intergovernmental panel
on climate change. Cambridge University Press, Cambridge, pp 896–901
Food and Agricultural Organization/World Food Program (FAO/WFP) (2008) Special report crop
and food supply assessment mission to Zimbabwe. Available at http://www.fao.org/docrep/
010/ai469e/ai469e00.htm. Accessed 19 June 2012
Food and Agricultural Organization/World Food Program (FAO/WFP) (2010) Crop and
food security assessment mission to Zimbabwe. Available at http://www.polity.org.za/article/
faowfp-crop-and-food-security-assessment-mission-to-zimbabwe-august-2010-2010-08-11.
Accessed 19 June 2011
Horrell S, Krishnan P (2007) Poverty and productivity in female-headed households in Zimbabwe.
J Dev Stud 43(8):80–1351
Hulme M, Doherty R, Ngara T, New M, Lister D (2001) African climate change: 1900–2100. Clim
Res 17:145–168
Kurukulasuriya P, Mendelsohn R (2008) Crop switching as a strategy for adapting to climate
change. Afr J Agric Resource Econ 2:105–125
Matarira CH, Makadho JM, Mwamuka FC (1995) Zimbabwe: climate change impacts on maize
production and adaptive measures for the agricultural sector. In: Ramos-Mane C, Benioff R
(eds) Interim report on climate change country studies. US Country Studies Program,
Washington, DC
Ministry of Agriculture (2007) Agricultural statistical bulletin. Government of Zimbabwe
116 K. Musiyiwa et al.
Ministry of Agriculture (2012) Mechanization and irrigation development. Second round crop and
livestock assessment report. Government of Zimbabwe, Zimbabwe
Nabikolo D, Bashaasha B, Mangheni MN, Majaliwa JGM (2012) Determinants of climate change
adaptation among male and female headed farm households in Eastern Uganda. African Crop
Sci J 20(2):203–212
Tazeze A, Haji J, Ketema M (2012) Climate change adaptation strategies of smallholder farmers:
the case of Babilie district, East Harerghe zone of Oromia regional state of Ethiopia. J Econ
Sustain Dev 3:13–14
Tiruneh A, Tesfaye T, Mwangi W, Verkuijl H (2001) Gender differentials in agricultural
production and decision-making among smallholders in Ada, Lume and Gimbichu Woredas of
the central highlands of Ethiopia. International Maize and Wheat Improvement Center
(CIMMYT) and Ethiopian Agricultural Research Organization (EARO), El Baton, Mexico
Thornton PK, Jones PG, Ericksen PJ, Challinor AJ (2011) Agriculture and food systems in
sub-Saharan Africa in a 4 C+ world. Philos Trans Royal Soc A 369:117–136
Unganai LS (1996) Historic and future climatic change in Zimbabwe. Clim Res 6:137–145
9 An Assessment of Gender Sensitive Adaptation … 117
